troke is a major cause of morbidity, mortality, and disability worldwide.
Stroke
February 2015 most widely studied measures of psychosocial stress 4 and has been linked to an increased risk of coronary heart disease. 5, 6 However, an association between job strain, or it components (ie, high job demands and low job control), and stroke has been observed only in part of the studies. [6] [7] [8] [9] [10] [11] [12] To increase understanding about stress and stroke, we conducted an individual-participant-data meta-analysis examining the association between job strain, stroke, and its subtypes in >190 000 employed males and females from 6 European countries.
Material and Methods
We used data provided by investigators from 14 prospective cohort studies (baseline examination between 1985 and 2008) of the Individual-Participant-Data meta-analysis in Working populations Consortium (Table I in the online-only Data Supplement). 5 Job strain at baseline was defined according to demand-control (job strain) questionnaires. 4 Individuals exposed to job strain (ie, reporting high job demands in combination with low control over the work situation) were compared with all others. 13 Socioeconomic status served as a proxy marker of stroke risk factors. Data on standard stroke risk factors, such as diabetes mellitus, hypertension (based on measured blood pressure), smoking, and heavy alcohol consumption, were available from 3 studies (online-only Data Supplement).
We defined incident stroke using national hospital admission and death registries (ICD-10 codes I60, I61, I63, I64, or the corresponding ICD-9 or ICD-8 codes; for alternative definitions in 2 studies, see online-only Data Supplement). We excluded participants with a history of stroke at baseline (transient ischemic attacks were not considered). Data on stroke subtypes, ischemic (ICD-10 I63) and hemorrhagic (I60, I61), were available from 13 studies (online-only Data Supplement).
The participants were followed up from their assessment of job strain at baseline to the first stroke event, death, or end of follow-upwhichever came first. Using Cox proportional hazard regression, we estimated hazard ratios and 95% confidence intervals (CI) to quantify the associations of job strain with overall, ischemic, and hemorrhagic stroke in each study. All analyses were adjusted for age and sex, with a further adjustment for socioeconomic status and, in sensitivity analyses based on 3 cohorts, standard stroke risk factors. We pooled the study-specific effect estimates in random-effects meta-analyses.
Results
A total of 196 380 participants (mean age 42.4 years, 53% female) had not experienced a stroke event before the study baseline and had complete data on age, sex, socioeconomic status, job strain, and incident stroke events, the analytic sample. The proportion exposed to job strain ranged from 13% to 22%, depending on the study (Table) .
During 1 815 848 person-years at risk (mean follow-up 9.2 years), 2023 stroke events were recorded. The age-and sexadjusted pooled hazard ratio of overall stroke for the job strain group compared with those not exposed to job strain was not statistically significant (1.09; 95% CI, 0.94-1.26), with little heterogeneity in estimates between the studies (I 2 =21.6%, P=0.22; Figure) .
In analysis of stroke subtypes ( Figure; Figures I-III in the online-only Data Supplement), job strain was associated with an increased risk of incident ischemic stroke (hazard ratio, 1.24; 95% CI, 1.05-1.47) but not hemorrhagic stroke (1.01; 95% CI, 0.75-1.36). Further adjustment for socioeconomic status yielded a hazard ratio of 1.18 (95% CI, 1.00-1.39) for ischemic stroke and 0.95 (95% CI, 0.72-1.27) for hemorrhagic stroke (sensitivity analyses in online-only Data Supplement).
Discussion
In this individual-participant-data meta-analysis of 190 000 working males and females in Europe, job strain was associated with an ≈20% increased risk of acute ischemic stroke. No association with the risk of overall stroke or hemorrhagic stroke was observed.
Previous smaller-scale studies on job strain and the risk of stroke [6] [7] [8] [10] [11] [12] were underpowered to detect a 20% elevated risk. The strength of the association between job strain and ischemic 
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stroke found in the present study corresponds to the association observed in our previous meta-analysis on job strain and coronary heart disease. 5 The pathogenesis of coronary heart disease and ischemic stroke is partially overlapping, with atherosclerosis as the major common factor. Job strain might have an effect on the cardiovascular system through activation of the neuroendocrine stress response, dysregulation of the hypothalamicpituitary-adrenal axis, the metabolic syndrome, or indirectly via unhealthy behaviors, such as physical inactivity and poor diet. 14 We did not have complete data on standard stroke risk factors, leaving residual confounding as a potential alternative explanation for the results. Although our sample size was large, the number of ischemic and hemorrhagic stroke events was relatively low and the diagnoses were not always confirmed by brain imaging; thus, further research is needed to confirm the findings. Additional research should also examine the mechanisms underlying the association between job strain and ischemic stroke and determine the extent to which interventions targeting job strain might reduce stroke risk beyond existing preventive strategies.
Sources of Funding
The IPD-Work Consortium was supported by the European Union- 
Description of the IPD-Work studies
Characteristics of the participants in the 14 cohort studies are shown in Supplemental Table I . The following section provides a brief description of each study.
Copenhagen Psychosocial Questionnaire version I (COPSOQ-I)
The COPSOQ-I is a prospective cohort study of a random sample of Danish residents selected from the Danish population register. The participants were aged 20-60 years of age and were in paid employment at the study baseline in 1997. A baseline questionnaire and an invitation to take part was posted to 4 000 people and 2 454 individuals agreed to participate. 1 Of the 1 858 gainfully employed participants, 1 776 men and women had data on job strain and were eligible for our metaanalyses. In Denmark, questionnaire-and register-based studies do not require approval from the Danish National Committee on Biomedical Research Ethics (Den Centrale Videnskabetiske komité). COPSOQ-I was approved by and registered with the Danish Data protection agency (registration number: 2008 -54 -0553). The proportion of immigrants in Denmark at study baseline was approximately 7%, but the proportion of immigrants in participants is likely to be lower because the study questionnaires were available only in Danish.
Danish Work Environment Cohort Study (DWECS)
DWECS is a split panel survey of working age Danish people. The cohort was established in 1990, when a simple random sample of men and women, aged 18-59, was drawn from the Danish population register. The participants have been followed up at five year intervals and data from the year 2000 was used for the IPD-Work. That year 11 437 individuals were invited to participate and 8 583 agreed to do so. 2, 3 Of the 5 606 individuals who were employed, 5 574 had data on job strain and were eligible for our meta-analyses. In Denmark, questionnaire-and register-based studies do not require ethics committee approval. DWECS was approved by and registered with the Danish Data protection agency (registration number: 2007-54-0059). 95.3% of the participants were Danish.
Finnish Public Sector study (FPS)
The FPS study is a prospective cohort study comprising the entire public sector personnel of 10 towns (municipalities) and 21 hospitals in the same geographical areas. Participants, who were recruited from employers' records in 2000-2002, were individuals who had been employed in the study organisations for at least six months prior to data collection. 4 48 592 individuals (9 337 men and 39 255 women aged 17 to 65) responded to the questionnaire. Of these, 48 034 had data on job strain and were eligible for our meta-analyses. Ethical approval was obtained from the ethics committee of the Finnish Institute of Occupational Health. The proportion of immigrants in the cohort is <1%.
Gazel
Gazel is a prospective cohort study of 20 625 employees (15 011 men and 5 614 women) of France's national gas and electricity company, Electricité de France-Gaz de France (EDF-GDF). 5, 6 Since the study baseline in 1989, when the participants were aged 35-50 years, they have been posted an annual follow-up questionnaire to collect data on health, lifestyle, individual, familial, social, and occupational factors. Job strain was measured in Gazel in 1997, which we treated as a baseline year for our analyses. The 11 448 individuals who participated at that time and had data on job strain were eligible for our meta-analysis. The GAZEL study received approval from the national commission overseeing ethical data collection in France (Commission Nationale Informatique et Liberté). This cohort does not include immigrants.
Health and Social Support (HeSSup)
The HeSSup study is a prospective cohort study of a stratified random sample of the Finnish population in the following four age groups: 20-24, 30-34, 40-44, and 50-54. The participants were identified from the Finnish population register and posted an invitation to participate, along with a baseline questionnaire, in 1998, 7 Job strain was measured in 1998 and of the 25 898 individuals who responded to the questionnaire, 16 447 were in employment and had data on job strain and were thus eligible for our meta-analyses. The Turku University Central Hospital Ethics Committee approved the study. The proportion of immigrants is less than 1%.
Intervention Project on Absence and Well-being (IPAW)
IPAW is a 5-year psychosocial work environment intervention study including 22 intervention and 30 control work places in three organisations (a large pharmaceutical company, municipal technical services and municipal nursing homes) in Copenhagen, Denmark. 8, 9 The baseline questionnaire was posted to all the employees at the selected work-sites between 1996 and 1997. Of the 2 721 employees who worked at the 52 IPAW sites, 2 068 men and women completed the baseline questionnaire. Interventions took place at 22 workplaces during 1996-98 at the organisational and interpersonal level. Job strain was measured in 1996-1997 and the 2 031 participants, who had data on job strain, were eligible for our meta-analysis. IPAW was approved by and registered with the Danish Data Protection Agency (registration number: 2000-54-0066). The proportion of immigrants in the cohort is likely to be less than 7%.
The Netherlands Working Conditions Survey (NWCS)
The NWCS is a yearly cross-sectional survey on working conditions in the Netherlands. NWCS is conducted among employees aged 15 to 64 years. Individuals are sampled randomly from the Dutch working population database of Statistics Netherlands. This database contains information on all jobs which fall under employee national insurance schemes and are liable to income tax. Participants filled out the questionnaire with a pencil or via internet. Data from the surveys conducted in 2005 and 2006 are included in the IPD-Work consortium. In total, 47 511 men and women participated in the surveys of 2005 and 2006. 10, 11 The proportion of immigrants in the cohort is unknown.
Permanent Onderzoek Leefsituatie (POLS)
POLS is a series of annual cross-sectional health and lifestyle surveys of Dutch men and women. 12 The participants are a representative sample of the Dutch population, drawn from the Municipal Population Register (Gemeentelijke Basis Administratie, GBA). Only those living in a private household were included. Most of the data collection is done using computer assisted personal interviewing. At study baseline in 1997-2002, 59 441 men and women participated in the surveys. Of these, 24 761 were in paid employment, aged 15-85 and had job strain measure available and were eligible for our meta-analyses. POLS was approved by the medical ethics committee of the Netherlands Organisation for Applied Scientific Research. The proportion of immigrants in the cohort is unknown.
Burnout, Motivation and Job Satisfaction study (Danish acronym: PUMA)
Burnout, Motivation and Job Satisfaction study (Danish acronym: PUMA) is an intervention study of burn-out among employees in the human service sector. 13 Selection criteria for the -participating organisations was that they had between 200 and 500 employees, that occupational groups within each organisation were willing to participate and that the organisations would commit to the entire five-year study period. Participants gave consent to having their national identity numbers collected and used in later record linkages to Danish hospitalisation and cause of death registries (Hospitalsindlaeggelsesregisteret, Dødsårsagsregisteret. At study baseline in 1999-2000, 1 914 participants agreed to take part. Of these, 1 847 individuals had data on job strain and were eligible for our meta-analyses. PUMA was approved by the Scientific Ethical Committees (Videnskabsetisk Komiteer) in the counties in which the study was conducted and approved by and registered with the Danish Data Protection Agency (registration number: 2000-54-0048). The proportion of immigrants in the cohort is likely to be less than 7%. 14 In 2008, a further 6,751 individuals responded to the questionnaire. 15 Of these, 5,895 men and women worked at least 30% of full time working hours. SLOSH has been approved by the Regional Research Ethics Board in Stockholm. The proportion of immigrants in the cohort is approximately 7%.
Swedish Longitudinal Occupational Survey of Health (SLOSH)
SLOSH
Still Working
Still Working is an ongoing prospective cohort study. In 1986, the employees (n = 12 173) at all Finnish centres of operation of Enso Gutzeit (a forestry products manufacturer) were invited to participate in a questionnaire survey on demographic, psychosocial and health-related factors. 16, 17 At baseline, 9 282 individuals responded, and of these 9 165 had data on job strain and were eligible for our meta-analyses. The study was approved by the ethics committee of the Finnish Institute of Occupational Health. The proportion of immigrants in the cohort is less than 1%.
Whitehall II
The Whitehall II study is a prospective cohort study set up to investigate socioeconomic determinants of health. At study baseline in 1985-1988, 10 308 civil service employees (6 895 men and 3 413 women) aged 35-55 and working in 20 civil service departments in London were invited to participate in the study. 18 Data on job strain, measured at study baseline were available for 10 285 men of the men and women who were eligible for our meta-analyses. The Whitehall II study protocol was approved by the University College London Medical School committee on the ethics of human research. Written informed consent was obtained at each data collection wave. Information about immigrant status is not available for participants but the proportion of immigrants in British civil service was presumably very low in 1985-1988.
Work, Lipids, and Fibrinogen Stockholm (WOLF-S) and Norrland (WOLF-N) studies
The WOLF Stockholm study is a prospective cohort study of 5 698 people (3 239 men and 2 459 women) aged 19-70 and working in companies in Stockholm county. 19 WOLF Norrland is a prospective cohort of 4 718 participants aged 19-65 working in companies in Jämtland and Västernorrland counties. 20 At study baseline the participants underwent a clinical examination and completed a set of health questionnaires. For WOLF Stockholm, the baseline assessment was undertaken at 20 occupational health units between November 1992 and June 1995 and for WOLF Norrland at 13 occupational health service units in 1996-1998. The Regional Research Ethics Board in Stockholm, and the ethics committee at Karolinska Institutet, Stockholm, Sweden approved the study. The proportion of immigrants in WOLF Stockholm is 13% and in WOLF Norrland 3%.
Measurements at baseline
Job strain at baseline was defined according to demand-control (job strain) questionnaires harmonized across the participating cohort studies before obtaining disease outcome data. 21 The Pearson correlation coefficient between the harmonized scales and the complete versions was >0.9, except for Still Working study in which it was 0.8. 21 As in previous IPD-Work analyses, individuals exposed to job strain (i.e. reporting high job demands in combination with low control over the work situation) were compared to all others. [22] [23] [24] [25] Socioeconomic status (SES; low, intermediate, high, other), defined on the basis of occupational title or education, served as a proxy marker of stroke risk factors. Data on standard stroke risk factors, such as diabetes, hypertension (systolic/diastolic blood pressure >140/90mmHg), smoking, and heavy alcohol consumption (>28 units of alcohol per week for men and >21 units for women), were available in 3 studies, Whitehall II, WOLF-Norrland and WOLF-Stockholm (due to small numbers, less than 20 per study, atrial fibrillation was not possible to include in as a risk factor in the analysis). The age-and sex-adjusted odds ratio for low compared to high SES was 2.26 (95%CI: 1.45-3.54) for diabetes, 1.47 (1.24-1.57) for hypertension, 3.30 (2.93-3.73) for smoking, and 0.76 (0.63-0.93) for heavy alcohol use.
Ascertainment of incident stroke
We defined incident stroke using national hospital admission and death registries (ICD-10 codes I60, I61, I63, I64, or the corresponding ICD-9 or ICD-8 codes). In Whitehall II, self-reports in follow-up questionnaires and event tracing were additionally used. 26 In GAZEL, only self-reports from annual follow-up surveys and mortality records were used. We excluded participants with a history of stroke at baseline (TIAs were not considered). Data on stroke subtypes, ischemic (ICD-10 I63) and hemorrhagic (I60, I61), were available from 13 studies; according to validation analyses relating to 9 studies the diagnosis was confirmed by brain scan (magnetic resonance imaging and/or computed tomography) or autopsy in 68.8% to 100% of cases depending on the study. Information about the validity of stroke diagnosis in each cohort study is shown in Supplemental Supplemental Figures I to III present forest plots with study-specific estimates on the associations of job strain with incident ischemic, hemorrhagic and overall strokes.
Supplemental Figure I . Study-specific hazard ratios for job strain and ischemic stroke, adjusted for age and sex.
Supplemental Figure II . Study-specific hazard ratios for job strain and hemorrhagic stroke, adjusted for age and sex.
Supplemental Figure III . Study-specific hazard ratios for job strain and overall stroke, adjusted for age and sex.
Sensitivity analysis
In the main analysis, we used socioeconomic status (SES) as a proxy marker for stroke risk factors. Sensitivity analysis was performed in the three studies with data on stroke risk factors (diabetes, hypertension, smoking and heavy alcohol use). Atrial fibrillation at baseline was not possible to include in the analysis due to low numbers (less than 20 cases per study). Low socioeconomic status (SES) was strongly associated with stroke risk factors, except for alcohol use, whereas the associations of job strain with stroke risk factors were weak or non-existent (Supplemental Table III) . Adjustment for SES attenuated the association between job strain and ischemic stroke approximately the same extent (0-16%) as did the adjustment for standard stroke risk factors (4-24%). More specifically, in Whitehall II, the age-and sex-adjusted hazard ratio for the association between job strain and incidence ischemic stroke was 1. Figure I , the hazard ratio for job strain and ischemic stroke in WOLF-Stockholm was below one preventing us to calculate effect attenuation after adjustments in this cohort. 
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